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PRINTER AND/ OR SCANNER AND/ OR 
COPIER USING A FIELD EMISSION ARRAY 

BACKGROUND OF THE INVENTION 

The invention relates to the ?elds of printing, scanning 
and copying, and more particularly to printing, scanning and 
copying using ?eld emitter arrays. 

Current printing processors are inherently serial in nature 
and rely on the use of light, typically by means of forming 
an optical image on a light sensitive drum to effect their 
printing operation. One reference, US. Pat. No. 5,166,709, 
does disclose a printer Which utiliZes an array of charge 
deposition structures Which deposit an electrostatic latent 
image on an imaging member. HoWever, this reference is 
speci?cally designed for gated electrode operations and 
utiliZes a driving circuit to operate its ?eld emission devices 
in a voltage range lying beloW the Paschen curve. The 
reference clari?es that for gated structures, operation beloW 
the Paschen curve is essential in order to prevent shorting of 
the printing signal betWeen the cathode and the gate. 

Referring to the scanning arts, conventional scanners 
detect patterned information in one of tWo Ways. One 
method uses CCD based scanners comprising a CCD array 
for gathering re?ected light, and generating a signal repre 
sentative thereof, and then digitiZing that signal. This CCD 
array is smaller than one scanned line, so that the scanning 
is physically sequential, not only Within the document, but 
also Within the one scanned line. 

Other scanning processors are designed around laser 
scanning, Which uses the re?ectance of a laser beam from a 
target surface to create a digital stream of information. The 
laser process is faster than the CCD process, but is also more 
eXpensive. Both of these techniques are serial in nature. 

OBJECTS OF THE INVENTION 

It is an object of the present invention to replace the 
optical scanning component required in a typical printing 
process. 

It is a further object of the present invention to provide an 
inherently parallel process for printing and scanning opera 
tions. 

It is yet a further object of the present invention to provide 
easily insertable printing and scanning functionality into 
eXisting Xerographic equipment. 

It is yet a further object of the present invention to 
increase the scan rate in a scanner by at least a factor of 10. 

It is yet a further object of the present invention to provide 
printing, copying, and scanning functionality in the same 
device. 

Other objects, advantages, and novel features of the 
present invention Will become apparent from the detailed 
description of the invention, Which folloWs the summary. 

SUMMARY OF THE INVENTION 

Brie?y, the above and other objects are realiZed in the 
con?gurations for pattern transfer, and the con?gurations for 
charge distribution sensing disclosed and claimed herein. In 
some con?gurations, the invention Will take the form of a 
printer, a scanner, a copier, or combinations thereof. 

In a ?rst embodiment of the present invention, there is 
disclosed a pattern transfer device including a piXel elec 
trode for receiving and storing a charge, an ungated ?eld 
emitter array for depositing charge on the piXel in accor 
dance With a control signal, and a driver circuit for driving 
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2 
the ?eld emitter array to cause an electrical discharge across 
the gap betWeen the ?eld emitter array and the piXel in 
accordance With a control signal. In a preferred embodiment, 
this ?eld emitter array may be operated at about approxi 
mately atmospheric pressure. Likewise, in a preferred 
embodiment, the ungated ?eld emitter array may be com 
posed of a semiconductor-metal composite microstructure 
including an array of rod-like tips of tantalum disilicide 
protruding from a top surface of a semiconductor substrate, 
Which typically may be silicon. In a preferred embodiment, 
the piXel may comprise a piXeliZed transfer sheet or a 
piXeliZed drum. In one embodiment, the piXeliZed transfer 
sheet may comprise a plurality of piXels disposed on a ?rst 
surface of the sheet and electrically connected to aligned 
metal dots on an opposite surface of the sheet. Each indi 
vidual piXel may be comprised of a conductive dot sur 
rounded by insulating material. 
The present invention further comprises a method of 

pattern transfer comprising the steps of energiZing a gap 
betWeen an ungated ?eld emitter array and a piXel at a 
voltage to cause an electrical discharge across the gap in 
accordance With a control signal to cause the ?eld emitter 
array to emit electrons, and the step of receiving and storing 
the electrons at the piXel. 

In yet a further embodiment of the present invention, there 
is disclosed a device for creating a patterned charge distri 
bution comprising a surface for receiving and storing charge 
in a tWo-dimensional pattern thereon; an ungated linear 
array of ?eld emitters that is piXeliZed With a linear array of 
piXel contacts connected thereto so that each contact ener 
giZes a different set of ?eld emitters in the linear array of 
?eld emitters, and means for creating a relative closely 
proXimate movement betWeen the linear array of ?eld emit 
ters and the surface so that the tWo-dimensional pattern is 
scanned. This embodiment further comprises a driver circuit 
for applying voltage, to cause electrical discharges across 
the gap betWeen the ?eld emitters and the surface, to 
selected ones of the piXel contacts as the surface and the 
linear array move relative to one another to cause charge to 
be deposited on the surface in the shape of a tWo 
dimensional pattern. 

In a further re?nement of this con?guration, the surface 
for receiving and storing charge may be both charge 
sensitive and photosensitive, and the con?guration may 
further include a toner dispenser for depositing toner onto 
the surface in accordance With the tWo-dimensional pattern 
of deposited charge, and means for bringing a material to be 
printed into contact With the surface to convert the tWo 
dimensional toner pattern to a visible image on the material. 

In a yet further embodiment of the present invention, the 
surface may be piXeliZed, With each piXel comprising a 
conductive dot surrounded by insulating material. The con 
?guration may further include a toner dispenser for depos 
iting toner onto the surface so that the toner is retained on the 
surface in accordance With the tWo-dimensional pattern of 
charge deposited thereon, and means for bringing a material 
to be printed into contact With the tWo-dimensional pattern 
of toner on the surface to transfer the tWo-dimensional 
pattern onto the material. 

In yet a further re?nement of this con?guration, the 
surface may be piXeliZed on one surface thereof, With each 
piXel comprising a conductive dot surrounded by insulating 
material. Additionally, the means for creating relative move 
ment may be con?gured to move the surface across the 
linear array of ?eld emitters. 

In a further embodiment of the present invention, there is 
disclosed a device for sensing charge distribution on a 
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surface comprising a photostatic surface for storing a tWo 
dimensional charge pattern, a linear array of ?eld emitters, 
means for creating relative closely-proximate movement 
betWeen the linear array of ?eld emitters and the tWo 
dimensional pattern, and a sampling circuit for sampling the 
linear array of ?eld emitters during the relative movement 
betWeen the linear array of ?eld emitters and the tWo 
dimensional pattern so that the tWo-dimensional pattern is 
effectively sampled and a sampling signal is generated that 
is representative thereof. This con?guration may further 
include a storage device for storing the sampling signal that 
is representative of the tWo-dimensional charge pattern. In a 
preferred embodiment of this con?guration, the ?eld emit 
ters in the linear array are ungated and are biased by the 
sampling circuit so that the tWo-dimensional charge pattern 
causes selected ?eld emitters to emit electrons in an elec 
trical discharge during the sampling process. Likewise, in a 
preferred embodiment the linear array of ?eld emitters is 
piXeliZed With a linear array of piXel contacts connected 
thereto so that each contact connects to a different set of ?eld 
emitters in the linear array. The preferred embodiment may 
include a conversion circuit for converting the sampling 
signal into digital data and then providing the digital data to 
the storage device. In a preferred embodiment, the linear 
array of ?eld emitters may comprise an array of rod-like tips 
of tantalum disilicide protruding from a top surface of a 
silicon substrate. Likewise, it is preferred that the linear 
array of ?eld emitters be disposed in a housing at about 
atmospheric pressure. In one embodiment of this 
con?guration, the means for creating relative movement 
may comprise a transfer sheet disposed relative to the 
photostatic surface for replicating the tWo-dimensional pat 
tern thereon, means for transferring the tWo-dimensional 
pattern from the photostatic surface to the transfer sheet, and 
means for creating relative closely-proximate movement 
betWeen the linear array of ?eld emitters and the tWo 
dimensional pattern on the transfer sheet. In a preferred 
embodiment, this transfer sheet may be piXeliZed, With each 
piXel comprising a conductive dot surrounded by insulating 
material. 

In a different embodiment of the foregoing con?guration, 
the means for creating relative movement may include 
means for moving the photostatic surface directly across the 
linear array of ?eld emitters. 

The foregoing con?guration of the present invention may 
further include a driver circuit that comprises a storage 
capacitance and a ?re-enable sWitch for each ?eld emitter 
piXel for charging its respective ?eld emitter piXel through 
the ?re-enable sWitch in accordance With a control signal. 

In yet a further aspect of the present invention, there is 
disclosed a method and a device for sensing charge distri 
bution on a surface comprising a piXeliZed surface, With the 
piXels on the surface capable of storing a tWo-dimensional 
charge pattern; a linear array of ?eld emitters disposed 
across the piXeliZed surface for sampling the charge on the 
surface and generating a sampling signal in response thereto; 
and means for creating relative closely-proximate move 
ment betWeen the linear array of ?eld emitters and the 
piXeliZed surface. This con?guration further includes a sam 
pling circuit for sampling the linear array of ?eld emitters 
during the relative movement betWeen the linear array of 
?eld emitters and the surface so that a tWo-dimensional 
charge pattern stored on the piXeliZed surface is sampled and 
a sampling signal is generated that is representative thereof, 
and a storage device for storing the sampling signal that is 
representative of the tWo-dimensional pattern. In a preferred 
embodiment of this con?guration, the ?eld emitters in the 
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4 
linear array are ungated and are biased by the sampling 
circuit so that the tWo-dimensional charge pattern causes 
selected ?eld emitters to emit electrons in an electrical 
discharge during the sampling process. 

In yet a further embodiment of the present invention, there 
is disclosed a unitary system comprising a ?rst surface for 
receiving and storing thereon charge representing a ?rst 
tWo-dimensional pattern; an ungated ?rst linear array of ?eld 
emitters that is piXeliZed With a linear array of piXel contacts 
connected thereto so that each contact energiZes a different 
set of ?eld emitters in the ?rst linear array of ?eld emitters; 
and ?rst means for creating relative closely-proximate 
movement betWeen the ?rst linear array of ?eld emitters and 
the ?rst surface. This con?guration further includes a ?rst 
driver circuit for applying voltages to cause electrical dis 
charges across the gap betWeen the ?eld emitters and the ?rst 
surface, to selected ones of the piXel contacts as the surface 
and the linear array move relative to one another to cause 
charge to be deposited on the ?rst surface in the shape of the 
?rst tWo-dimensional pattern. This con?guration further 
includes a second surface for receiving and storing a second 
tWo-dimensional pattern thereon, a second linear array of 
?eld emitters, a second means for creating relative closely 
proXimate movement betWeen the second linear array of 
?eld emitters and the second tWo-dimensional pattern. The 
system further includes a sampling circuit for sampling the 
second linear array of ?eld emitters during the relative 
movement betWeen the second linear array of ?eld emitters 
and the second tWo-dimensional pattern so that the second 
tWo-dimensional pattern is sampled and a sampling signal 
generated that is representative thereof, and a storage device 
for storing the sampling signal that is representative of the 
second tWo-dimensional pattern. 

In yet a further embodiment of the present invention, there 
is disclosed a system comprising a surface for receiving and 
storing charge in a tWo-dimensional pattern; an ungated 
linear array of ?eld emitters that is piXeliZed With a linear 
array of piXel contacts connected thereto so that each contact 
energiZes a different set of ?eld emitters in the linear array 
of ?eld emitters; and means for creating relative closely 
proXimate movement betWeen the linear array of ?eld emit 
ters and the surface. The system further includes a driver 
circuit for operation in a ?rst mode to apply voltage, to cause 
an electrical discharge across the gap betWeen the ?eld 
emitters and the surface, to selected ones of the piXel 
contacts as the surface and the linear array move relative to 
one another to cause charge to be deposited on the surface 
in the shape of a ?rst tWo-dimensional pattern. The system 
further includes a sampling circuit for operation in a second 
mode for sampling the linear array of ?eld emitters during 
the relative movement betWeen the linear array of ?eld 
emitters and the surface so that a second tWo-dimensional 
charge pattern stored on the surface is sampled and a 
sampling signal is generated that is representative thereof. 
The system also includes a storage device operational in the 
second mode for storing the sampling signal that is repre 
sentative of the second tWo-dimensional charge pattern, and 
a sWitch for sWitching system operation betWeen the ?rst 
mode and the second mode. 
The present invention further comprises a specially 

designed driving and sampling circuit for use in driving and 
sampling the activity of the ?eld emitter array. 
The present invention also encompasses a unique piXel 

iZed transfer sheet for use in the herein de?ned system. 

BRIEF DESCRIPTION OF THE DRAWINGS 

FIG. 1 is a schematic diagram of a linear array of ?eld 
emitters that may be utiliZed in the present invention. 
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FIG. 2 is a schematic diagram of an embodiment of a 
pattern transfer device in accordance With the present inven 
tion that may be utilized in a printing function. 

FIG. 3 is a different schematic vieW of the pattern transfer 
device shoWn in FIG. 2 showing additional detail. 

FIG. 4 is a schematic diagram of an embodiment of a 
pattern transfer device in accordance With the present inven 
tion that may be utiliZed in a printing function. 

FIG. 5a is a breakaway side vieW of one embodiment of 
the pixeliZed transfer sheet utiliZed in the present invention. 

FIG. 5b is a breakaWay side vieW of a second embodiment 
of a pixeliZed transfer sheet Which may be utilized in the 
present invention, With the pixels deposited on the top 
surface of the sheet. 

FIG. 5c is a breakaWay side vieW of yet a further 
embodiment of a pixeliZed transfer sheet Which may be 
utiliZed in the present invention. This con?guration shoWs 
the pixels connected by means of vias to conductive dots on 
the opposite surface of the transfer sheet. 

FIG. 5a' is a breakaWay side vieW of yet a further 
embodiment of a pixeliZed transfer sheet Which may be 
utiliZed to implement the present invention. 

FIG. 6a is a top vieW of one con?guration of pixels on a 
pixeliZed transfer sheet that may be utiliZed in the present 
invention. 

FIG. 6b is a top vieW of a second con?guration of pixels 
on a pixeliZed transfer sheet that may be utiliZed in the 
present invention. 

FIG. 7 is a schematic diagram of a device for sensing 
charge distribution on a surface that may be utiliZed to 
implement the present invention. 

FIG. 8 is a schematic side vieW of a further embodiment 
of a device for sensing charge distribution on a surface that 
may be utiliZed to implement the present invention. 

FIG. 9 is a schematic diagram illustrating a system that 
includes a copying function, a printing function and a 
scanning function in accordance With the present invention. 

FIG. 10 is a schematic block diagram of an overall 
printing system utiliZing the present invention. 

FIG. 11 is a schematic diagram of a pixel driver/sampler 
circuit that may be utiliZed to implement the present inven 
tion. 

FIG. 12 is a voltage signal diagram illustrating the opera 
tion of the circuit of FIG. 11 in a printing mode. 

FIG. 13 is a voltage signal diagram illustrating the opera 
tion of the circuit of FIG. 11 in a scanning mode. 

DETAILED DESCRIPTION OF THE 
PREFERRED EMBODIMENTS 

The present invention discloses methods, devices, and 
systems for utiliZing the unique character of a ?eld emission 
array (FEA), to achieve an array of electrostatic elements 
that can be used to either detect the presence of charge on a 
surface in a given pattern, or to deposit charge on a surface 
in some desired pattern. This dual functionality can be used 
in concert With a standard Xerography process to print a 
document from stored digital data, or it can be used in the 
reverse function to sense the electrostatic image of a docu 
ment on the Xerography drum and convert this image to a 
digital signal for subsequent storage. In one embodiment of 
this invention, a device is provided to be retro?tted to a high 
speed photocopier Wherein a linear array of ?eld emitter 
elements is used to either read charge from the drum in a 
scanner mode, or to deposit charge onto the drum in a printer 
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6 
mode. The invention comprises fabricating a linear strip of 
?eld emitters that can be grouped in pixels of scale siZe as 
small as 10 micrometers using existing manufacturing tech 
niques. Developmental manufacturing techniques Will alloW 
pixels of scale siZe as small as 1 micrometer and beloW. 

With speci?c reference to the operation of ?eld emitters, 
it is knoWn that ?eld emission processes use a very high 
electric ?eld stress at the surface of a cathode material to 
directly liberate electrons from the cathode through quantum 
tunneling. This process is in direct contrast to thermionic 
emission or secondary emission processes. The ?eld emis 
sion process is sometimes referred to as quantum ?eld 
emission because of its quantum tunneling aspect. The 
external ?elds required for the quantum tunneling phenom 
ena are on the order of 106 to 108V/cm, depending on the 
desired emission current density and the Work function of 
the cathode material. Such large external ?elds are normally 
only achieved in resonant radio-frequency accelerator 
cavities, or near structures With very sharp surface features 
that dramatically enhance the average applied ?eld. A type 
of cathode has been developed Which exploits this latter ?eld 
enhancement design by providing a high density array of 
microscopic sharp tips in Which each tip acts as a ?eld 
emitter source of electrons. Such cathodes are typically 
referred to as ?eld emitter (or emission) arrays. 

Field emitter arrays have been fabricated from a Wide 
variety of emitter materials including silicon, molybdenum, 
gallium-arsenide, diamond, and tantalum-disilicide. All of 
these ?eld emitter arrays achieve the large ?elds necessary 
for ?eld emission through the use of microscopic structures 
With sharp surface features such as pointed cones or Wedges. 
One class of these ?eld emitter arrays also employ a gate 
electrode that is positioned in close proximity to the emitting 
cone or Wedge; the apex of the cone or Wedge is typically 
approximately centered in an aperture in the gate electrode. 
The close proximity (typ.<1 micron) of the gate electrode 
alloWs quantum ?eld emission from the tip to occur for 
relatively modest tip-to-gate voltage differences (typ. 
50—500 V). Most of the gated ?eld emitter array research has 
focused on their use in vacuum micro-electronic devices, 
and most gated ?eld emitter arrays require sensitive treat 
ment in ultra-high vacuum systems With pressures of 
approximately 10'8 Torr. 
A second class of ?eld emitter arrays forsakes the use of 

a proximate gate electrode and instead attempts to optimiZe 
the performance of the ?eld emitter structure itself. The 
research in ungated ?eld emitter arrays has focused on their 
use in more conventional applications for advanced cathode 
technology, including accelerators, conventional vacuum 
tubes, gas discharge lighting, ion sources, and materials 
processing. General background information and detailed 
technical data on ungated ?eld emitter arrays having micro 
scopic emitter elements are set forth in US. Pat. No. 
5,138,220, entitled “Field Emission Cathode of Bio 
Molecular or Semiconductor-Metal Eutectic Composite 
Microstructures” issued on Aug. 11, 1992 to Douglas A. 
Kirkpatrick; US. Pat. No. 5,495,143, entitled “Improved 
Gas Discharge Device Having A Field Emitter Array With 
Microscopic Emitter Elements,” issued on Feb. 27, 1996 to 
J. Michael Lengyel et al; “Surface Composition of 
Si—TaSi2 Eutectic Cathodes and It’s Effect on Vacuum 
Field Emission”, Applied Physics letters, James J. Hickman 
et al., Vol. 61, No. 21, Nov. 23, 1992, page 2518; “Analysis 
of Field Emission From 3-Dimensional Structures”, Applied 
Physics Letters, D. A. Kirkpatrick et al., Vol. 60, No. 17, Apr. 
27, 1992, page 2065; “Demonstration of Vacuum Field 
Emission From a Self-Assembling Biomolecular Micro 
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structure Composite”, Applied Physics Letters, Vol. 60, No. 
13, Mar. 30, 1992, page 1556; and “Vacuum Field Emission 
From a Si—TaSi2 Semiconductor-Metal Eutectic 
Composite”, Applied Physics Letters, Vol. 59, No. 17, Oct. 
21, 1991, page 2094. The contents of these documents are 
incorporated herein by reference. 

It should be noted in the description that follows that none 
of the ?gures are draWn to scale and the various items shoWn 
therein are not in their exact proportions for ease of illus 
tration. 

Referring noW to FIG. 1, there is shoWn a schematic 
diagram of a linear strip of ?eld emitters that may be used 
in the present inventive method, device and system. In the 
?gure there is shoWn a metal composite microstructure 
including an array of rod-like emitter tips or emitter rods 10 
protruding from a top surface 12 of a strip of composite 
eutectic material 14. The ?eld emitter rods may be fabricated 
from a variety of emitter materials including silicon, 
molybdenum, gallium-arsenide, diamond, and tantalum 
disilicide. Likewise, there are a variety of materials Which 
may be used to form the substrate 14, including silicon, 
glass, and substrates With patterned microelectrodes already 
deposited on their surfaces. HoWever, in a preferred 
embodiment, the rod-like emitter tips are made of tantalum 
disilicide, the matrix is comprised of a silicon substrate, and 
this combination is derived from the semiconductor-metal 
eutectic Si—TaSi2 composite Where the silicon matrix is 
single crystal and the TaSi2 rods are aligned in the direction 
of solidi?cation of the eutectic composite crystal. It has been 
found that a device made of the foregoing material may be 
effectively utiliZed at approximately atmospheric pressure. 
The linear array of ?eld emitters 10 may be pixeliZed With 
a linear array of pixels 20, With each pixel 20 having a 
contact 16 connected thereto, With each contact 16 energiZ 
ing a different set 22 of ?eld emitters in the linear array of 
?eld emitters 10. In the embodiment shoWn in FIG. 1, the 
linear array of pixel contacts 16 are simply formed on the 
back surface 18 of the substrate 14. 

Each pixel 20 in the linear array of ?eld emitters 10 
comprises its aforementioned set of ?eld emitter tips 22, 
Where the number of tips in a pixel 20 is determined either 
by a mask procedure in the case of microlithographically 
de?ned FEAs, or by the density of emitter rods per unit area 
in the eutectic composite crystal boule in the case of eutectic 
composite FEAs. A typical number of tips for a pixel is on 
the order of 5—20. Because the instant invention is a charge 
driven device, its performance is not affected by the number 
of FEA tips in a pixel so long as there is at least one FEA tip 
per pixel. Measurements of the Si—TaSi2 FEAs have dem 
onstrated sustainable average tip currents of greater than 40 
microamperes per tip; the deposition of 1 pC of charge in 1 
microsecond from a single tip equates to only 1 microam 
pere per tip. Further, by Way of example, to implement a 
system With a desired DPI resolution of 300, the pixel siZe 
should be on the order of 50 micrometers diameter With a 
pixel-center to pixel-center distance of approximately 80 
micrometers. In the case of the preferred embodiment of the 
present invention Where the FEAs are implemented With 
Si—TaSi2, Schottky barriers may be utiliZed betWeen dis 
similar emitter and matrix substrate materials to prevent 
cross-talk betWeen pixels 20 in the array 11. 
As is Well-knoWn, the emitter arrays 11 may be processed 

so that the TaSi2 emitter rods 10 are exposed so as to 
protrude a distance, h, from the base surface 12, Where h can 
be a preselected length typically in the range 2—30 microme 
ters. Strips of ?eld emitters are assembled to form a single 
long strip, Where the assembled length is determined by the 
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8 
length of the given Xerography drum to be used in the 
process. The pixel contacts 16 are generally made on the 
backplane 18 of the TaSi2 Wafer material 14, and effect 
contact With the exposed emitter tips 10 on the front face by 
means of the continuity of the TaSi2 material rods through 
the composite substrate 14. These pixel contacts 16 may be 
formed from a number of materials including patterned 
diffusion layers of Ti—Ni—Au, Ti/W—Pt, or cobalt 
silicide, or may simply be circuit elements processed into an 
Si-epilayer that has been groWn on the backplane 18 of the 
eutectic composite Wafer 14. 

Referring noW to FIGS. 2 and 3, there is shoWn a 
schematic diagram of one embodiment of a pattern transfer 
device of the present invention. The ?gure shoWs an ungated 
?eld emitter array 11 for depositing charge in accordance 
With a control signal, at least one pixel or surface 30 for 
receiving and storing a charge, and a driver circuit 32 for 
driving the ?eld emitter array 11 to cause an electrical 
discharge across the gap betWeen the ?eld emitter array and 
the pixel or surface 30 by means of control signals. The 
driver circuit 32 applies a separate control signal on lines 
34A—34M to each of the pixel contacts 16. A variety of 
different circuits may be utiliZed to implement the driver 
circuit 32. A preferred embodiment for implementing the 
driver circuit 32 is shoWn in FIG. 11, Which Will be dis 
cussed in detail later. The at least one pixel 30 may be 
comprised simply of a surface that is placed in adjacency to 
the ?eld emitter array 11. It is preferred that the ?eld emitter 
array be disposed so that the tops of the emitter rods 10 are 
facing and in extremely close proximity (betWeen 5 and 10 
micrometers) to the surface 30 Which is to receive and store 
charge in a tWo-dimensional pattern. 

It has been discovered that the separation betWeen the 
rod-like emitter tips 10 should be approximately equal to or 
greater than the separation betWeen the emitter tips 10 and 
the surface 30 in order to avoid agglomerate tip breakdoWn 
across the tips. A typical separation betWeen emitter tips 20 
is approximately 6—10 micrometers, and a typical separation 
betWeen the ends of the tips 10 and surface 30 is approxi 
mately 5 micrometers. Similarly, the separation betWeen 
pixel contacts should be greater than or approximately equal 
to the separation betWeen emitter tips. In the particular case 
of the Si—TaSi2 FEA material, additional care is necessary 
to prevent pixel crosstalk due to the angular dispersion in the 
alignment of the tips, Which may be 3—7 degrees for CZo 
chralski groWn crystals of Si—TaSi2. This further necessi 
tates that the thickness of the Si—TaSi2 material in the areal 
vicinity of the pixel is not signi?cantly greater than the 
lateral dimension of a pixel. 

In one embodiment of the present invention, the surface 
30 may be comprised of a drum or roller. In normal 
Xerography systems the drum or roller 30 is typically 
negatively charged. The drum or roller 30 may comprise a 
CdSe or other type of photostatic drum. 

In operation, a small voltage pulse or control signal is 
applied by the driver circuit to selected backplane pixel 
contacts 16 in order to drive an electrical discharge from the 
exposed tips connected to those selected pixel contacts 16. 
The driver circuit 32 can include circuitry to permit a 
gray-scale of charge levels to be emitted from a given pixel 
in accordance With the control signal. During this emission 
process, the surface or drum 30 is rotated in the clockWise 
direction shoWn by the arroW 36 in the ?gure. Accordingly, 
the ?eld emission of electrons from the various pixels that 
are driven by the lines 34A—34M from the driver circuit over 
a period of time in conjunction With the rotation of the drum 
30 Will cause a tWo-dimensional pattern of charge to be 
deposited on the drum 30. 
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The system may further include a toner dispenser 40 
disposed to apply toner to the drum 30 after it has received 
its charge deposition from the selected pixels in the FEA 
strip 11. A material 42 may then be brought into contact by 
means of rollers 43, 45, 47, and 49 With the tWo-dimensional 
pattern of toner on the drum 30 to transfer the tWo 
dimensional pattern onto the material 42. A variety of 
materials may be utiliZed to receive this tWo-dimensional 
printed pattern, including paper. 

It should be noted that the sWitching speeds of the FEA 
pixels required for high speed pattern transfer are easily 
Within the demonstrated capabilities of the Si—TaSi2 eutec 
tic composite FEAs. The Si—TaSi2 eutectic composite 
FEAs 11 have demonstrated on-off speeds Well in excess of 
one hundred MHZ. By Way of example, to print tWo 81/2 Wide 
pages per second, With 1200 DPI in resolution, the required 
pixel transfer speed is 20,400 dots-per-second, or approxi 
mately a time interval of 50 microseconds per dot. This is a 
factor of 20,000 more than the demonstrated sWitching times 
of the eutectic composite FEAs. While sWitching times of 2 
nanoseconds have been demonstrated, the ultimate sWitch 
ing time of the Si—TaSi2 FEAs is estimated to be less than 
10 picoseconds. Accordingly, the ultimate sWitching speed 
of a triggered FEA Will be determined by the capabilities of 
the triggering circuit, not by the fundamental limitations of 
the FEA. 

The total charge that must be deposited to drive the 
Xerography process is likeWise easily Within the demon 
strated capabilities of the eutectic composite ?eld effect 
emitter arrays. The Si—TaSi2 cathodes have demonstrated 
average circuit densities of greater than 40 amperes per 
square centimeter, corresponding to average tip currents of 
greater than 40 microamperes per ?eld emitter tip in the 
array. In a time interval of 20 microseconds, this corresponds 
to an emitted charge per tip of 800 pico-coulombs or 
approximately 5><109 electrons. In a 20 micrometer diameter 
pixel, With an average tip density of 1><106 tips per square 
centimeter, such as is typical for Si—TaSi2 arrays, there Will 
be approximately 2—5 emitters. This places the total avail 
able charge per pixel at approximately 2000 pico-coulombs. 
This is many orders of magnitude in excess of What is 
required for the Xerography process, and serves to illustrate 
the amount of dynamic range that is available from this type 
of system. Typical values for the deposited charge Will be 
perhaps a factor of 106 smaller, alloWing the emitters to run 
at a more modest current density of 40 microamperes/cm2. 

It should be noted that the driver circuit is providing 
electrical pulses on the lines 34 so that there is a voltage drop 
in the gap betWeen the emitter rods in the selected pixels of 
the emitter array 11 and the drum 30 on the order of 30—90 
volts. This voltage drop from the rod-like emitter tips 10 to 
the drum 30, combined With the short spacing from the drum 
to the emitter tips, and the ?eld enhancement factor of the 
emitter tips is suf?cient to drive an electrical discharge. 
Speci?cally, the electric ?eld placed across the gap betWeen 
the rod-like emitter tips 10 and the drum 30 is of a suf?cient 
?eld strength to drive an electric discharge and substantially 
equilibrate the voltages on the emitter pixel and the target 
area on the drum. 

The prior art describes an approach for selecting the 
dimensions and operating voltages of a gated ?eld emitter 
array structure such that ?eld effect emission of electrons is 
induced at the tip of each emitter spike, at an applied voltage 
that lies beloW the Paschen breakdoWn threshold of the 
medium in Which the electrode gap is operated. The geom 
etry of the gated FEA structure cited in the prior art is 
constrained by the necessity for the gate electrode to be in 
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10 
close proximity to the FEA tip, Which is required by that 
con?guration to drive ?eld effect emission from the tip 
structure. The prior art insightfully shoWs that the gated 
con?guration can avoid Paschen breakdown, or sparking, by 
operating on the loW (pressure><distance) side of the Paschen 
curve. Unfortunately, the prior art overlooks the effect of 
corona in the near vicinity of the gate-tip electrode structure. 
In the case of gated FEA structures operating in air at or near 
atmospheric pressure and ambient temperature, the effect of 
corona can impose a potentially severe parasitic loss of 
current from the desired tip to media path. 
The critical electric gradient at the surface of a conductor 

necessary to produce corona in air is given for coaxial 
cylinders by the empirical equation 

0.308 

a 

Where a is the radius of the inner cylinder in centimeters, and 
We have assumed normal atmospheric pressure (760 mm 
Hg) and 25° C. temperature. The critical voltage for the 
onset of corona in a concentric cylinder geometry is there 
fore given by 

Where R is the radius of the outer cylinder in centimeters, 
and EC and a have their meanings from the previous equa 
tion. 

Gated FEA structures, such as those cited in the prior art, 
operate on the principle of exceeding the electric ?eld 
gradient necessary for ?eld effect emission of electrons only 
in the near vicinity of the tip apex. Emission from the tip 
apex, With the tip apex positioned in, or nearly in, the plane 
of the gate aperture, yields electron trajectories that are not 
intercepted by the gate electrode and that can be used 
externally for desired effect. For typical metals, electric ?eld 
gradients of ~107—108 V/cm are necessary for ?eld effect 
emission. For an emitter tip in air this threshold is increased 
by the presence of adsorbed gases on the surface of the 
emitter tip, Which act as a dielectric screen, partially shield 
ing the metal tip from the applied ?eld. 
The prior art teaches that for a gated FEA tip structure 

With a tip radius of curvature of 500 A centered and in the 
plane of a 1.5 pm diameter gate aperture, gate voltages>100 
V are necessary to drive ?eld effect emission from the FEA 
tip. Considering the effect of corona in that same structure, 
for the region near the FEA tip We have in the above 
equations for corona, (XE5X10_6 cm, RE7.5X10_5 cm, and VC 
~60V. For the region slightly beloW the tip apex, and directly 
opposite the loWer edge of the gate electrode, (XE10_5 cm, 
RE7.5X10_5 cm, and VC ~61V. Accordingly, at voltages 
signi?cantly less than that necessary to cause ?eld effect 
emission from the tip apex, corona Will appear over a 
relatively large area of the tip, as compared to the area of the 
tip active in the ?eld effect emission process. The negative 
corona from the tip structure Will be augmented by a positive 
corona from any sharp corners on the gate structure. This 
corona Will feed a discharge in the volume betWeen the tip 
and gate electrode, imposing a potentially severe parasitic 
loss of current from the intended tip-to-media path. 

In sharp contrast to prior art, the present invention teaches 
the use of an ungated ?eld emitter array and an integrated 
electrode/transfer media system. Speci?cally, one electrode 
in the system is the ?eld emitter array of tips, While the 
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second electrode is integral to the pattern transfer media. 
This design obviates the need for a local control electrode in 
close proximity to the ?eld emitter array, correspondingly 
eliminates the constraint in US. Pat. No. 5,166,709 of 
operating beloW the Paschen curve, and simultaneously 
obviates any concerns of parasitic losses due to corona 
betWeen the emitters and a gate electrode. 

Correspondingly, the present invention can operate beloW, 
at, or above the Paschen curve according to the greatest 
advantage presented by other system considerations. 
Further, Whereas in the prior art the action of corona on the 
?eld emission electrodes presented a path for parasitic loss, 
in the present invention the action of corona on the ?eld 
emitter tips is useful and is a bene?cial mechanism for 
“seeding” the discharge betWeen the emitter pixel and the 
target area on the drum. 

It should be noted that preferred scale siZe is approxi 
mately a 5—20 micron spacing from the FEA array tips to a 
transfer surface. It should further be noted that in air, at 
pressures near 760 Torr (e.g., atmosphere), the ?eld 
enhancement factor attendant to the 5—20 micron spacing 
and the highly featured emitter surface Will effect a volu 
metric discharge over the area of the pixel rather than a point 
to point spark. Speci?cally, the emitters of the FEA are 
initially unbiased and “off.” When the control signal to turn 
the FEA emitters “on” is applied, the negative voltage on the 
FEA emitters Will rapidly rise from Zero toWard its full “on” 
value. At an intermediate value, the voltage on the FEA 
emitters Will exceed the value necessary to either drive ?eld 
emission from or form corona on the tips. This initial 
ioniZation effectively “seeds” the volume betWeen the FEA 
tips and the transfer surface. As the full “on” voltage is 
achieved on the tips, this seeding alloWs a volumetric 
discharge to occur. This latter volumetric discharge is also 
sometimes referred to as a ToWnsend discharge or “dark” 
discharge. This design intentionally minimiZes the possibil 
ity of a point to point spark discharge that Would damage the 
emitter tips and the transfer surface, and that Would result in 
limited equipment lifetime. 

It Will be obvious to those practiced in the arts of ?eld 
emitter arrays or gas discharge devices that the precise 
spacing of the ?eld emitter array With respect to the target 
pixel surface may be optimiZed for a particular performance 
parameter. It Will further be obvious that changes to the 
ambient atmosphere Within Which the device operates, either 
With regard to pressure, temperature, or chemical 
composition, Will alter the optimal device dimensions and 
voltages. The functional variations of corona, ?eld emission, 
and electrical discharges With respect to these environmental 
variables are Well understood and readily available to one 
practiced in their arts. 

Referring noW to FIG. 4, there is shoWn a further embodi 
ment of the present invention. In this embodiment, the 
surface 50 for receiving and storing charge in a tWo 
dimensional pattern comprises a sheet Which is pixeliZed 
With partially conductive pixels. As shoWn in FIG. 5, each 
pixel may comprise a conductive dot 54 surrounded by an 
insulating material. The conductive dots 54 for the pixels 
may be disposed on the sheet 50 in a variety of con?gura 
tions including the rectangular con?guration shoWn in FIG. 
6a, or the hexagonal con?guration shoWn in FIG. 6b. In a 
preferred embodiment, these conductive dots 54 may be 
comprised of a metal such as nickel or copper. The con?gu 
ration of FIG. 4 further includes a pixeliZed ?eld emitter 
array strip 11, a toner dispenser 40, and means such as rollers 
43, 45, 47 and 49 for moving a material such as paper 42 in 
contact With the pixeliZed sheet 50 in order to transfer the 
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12 
tWo-dimensional pattern of toner on the pixeliZed sheet 50 to 
the page 42. The pixeliZed sheet may be disposed in a variety 
of con?gurations. In the con?guration shoWn in FIG. 4, the 
pixeliZed sheet is disposed around rollers 52a, 52b and 53. 
The roller 53 may also function to provide a selectable 
voltage bias on the conductive dots 54 of the transfer sheet. 
Alternatively, brush contacts or some other means may be 
employed on the front surface of the transfer sheet to the 
same effect. It should be noted that the pixeliZed sheet 50 
could take the con?guration of a roller sheet as shoWn in the 
FIG. 4, or a pixeliZed drum. It is preferred that the pixeliZed 
sheet 50 be pixeliZed at the same dot resolution as the ?eld 
emitter array pixel strip 11, or With an even higher pixel 
density than the FEA strip 11. 

FIG. 4 also includes standard equipment such as a transfer 
charger 51a for generating a positive charge toWard the rear 
surface of the paper 42 to attract the negatively charged 
toner image on the transfer sheet 50 onto the paper 42. The 
paper 42 is then separated from the sheet 50 by a separation 
charger 51b. Astandard ?xing unit 55 is provided to heat and 
press toners onto the paper 42. The ?xing unit 55 includes 
heating rollers 56 for accomplishing the heating and press 
ing operation on the paper. Finally, a cleaning blade unit 57 
is disposed in proximate contact With the pixeliZed sheet 50 
after the image transfer point to scrape off the toners 
remaining on the pixeliZed transfer sheet 50 after the image 
has been transferred to the paper 42. 

In operation of FIG. 4, as a given conductive dot 54 on the 
pixeliZed sheet 50 moves past the energiZed rod-like tip 
emitters in an energiZed pixel on the FEA strip 11, charge is 
deposited onto the metal dot, provided that the bias pulse on 
the FEA strip pixel 20 is sufficiently high to cause an 
electrical discharge across the gap betWeen the pixeliZed 
sheet 50 and the FEA strip 11. 
The pixel dots 54 on the pixeliZed sheet 50 or drum can 

be patterned in any format, as noted previously. For 
example, the pixel dots 54 could be in a square format, a 
rectangular format, a hexagonal grid, or any other acceptable 
printing format. Note that if the transfer pixel format on the 
pixeliZed sheet is other than rectangular, this format must be 
taken into account in the design/formatting of the FEA 
pixeliZed strip 11 and in the circuitry used in the driver 
circuit 32 to drive the lines 34. 

Referring noW to FIG. 5A, there is shoWn a pixeliZed 
transfer sheet 50 that has been fabricated by depositing a 
patterned metalliZation on a polymer sheet 59. There are a 
variety of polymeric materials that may be utiliZed in order 
to implement the pixeliZed sheet 50. In a preferred 
embodiment, the polymeric material used is Kapton made 
by the BI. duPont de Nemours Company. Patterned dots 54 
for the pixels may have siZes on the order of one micrometer 
using standard manufacturing practices. In the con?guration 
shoWn in FIG. 5A, the metal pixels 54 are relatively thick 
(on the order of 0.1—1 micrometers) and their tops are 
approximately level With the top surface 61 of the polymer 
sheet 59. 
The metal dot 54 is the driving element for each pixel in 

the pixeliZed sheet 50. HoWever, the pixel diameter is 
measured from the center of the insulating area on one side 
of the metal dot to the center of the insulating area on the 
other side of the metal dot. Depending on the charge density 
on the conductive dot, the pixel Will pick up toner across an 
area that is greater than the area of its conductive dot 54, but 
less than the full pixel area. The relative siZe of the con 
ductive dot 54 Within the area of the pixel is tunable to take 
into account voltage limitations, cross-talk concerns, and 
toner coverage. It has been found that if the conductive dot 
























